Background: In Ethiopia it is documented that 16% of all grade repetitions in primary school and 33.9% childhood deaths are associated with undernutrition. School aged children are often omitted from public health research. Thus, the present study was carried out to find out the prevalence and determinants of pre-adolescent (5-14 years) acute and chronic undernutrition in Lay Armachiho District. Methods: In this community based cross-sectional study, anthropometrics, individual and household characteristics data were collected from December, 2016 to January, 2017. A total of 848 school aged children (5-14 years) were included in the study. Z-scores for height-for-age (HAZ) and body-mass-index-for-age (BAZ) were calculated to illustrate stunting (chronic undernutrition) and thinness (acute undernutrition), respectively with Anthro Plus software version 1.0.4 using the WHO 2007 growth reference standard. Finally, backward stepwise multivariable logistic regression analysis was carried out to identify factors associated with stunting and thinness, individually. Results: The overall prevalence of stunting and thinness was 35.5 and 9.9%, respectively. The multivariable analysis showed that child age 10-14 years [AOR = 1.58, 95% CI: 1.17, 2.12] and lack of availability of a latrine at home [AOR = 1.60; 95% CI: 1.17, 2.20)] were associated with increased likelihood of stunting. Nevertheless, child's hand washing practice before eating [AOR = 0.67; 95% CI: 0.49, 0.91] was protective against stunting. Children who consumed diversified foods [AOR = 0.64; 95% CI 0.39, 0.97] were protected from thinness. Conclusion: In Lay Armachiho district, one-third and one in every ten of school aged children were stunted and thin, respectively. Children age 10-14 years, lack of availability of a latrine at home and hand washing practices before eating were associated with stunting, while only dietary diversity was associated with thinness. Ensuring consistent hand washing practices before eating and ensuring availability of latrine should be improved in the region, which can assist in effectively tackling undernutrition. Finally, dietary diversification should be enhanced to rectify burden of acute undernutrition.
Background
Child survival, protection and development are the prerequisite for the future development of the nations' [1] . It is important to ensure optimal child growth and development in order to significantly accelerate economic development of nations [2] . The nutritional status of children is an index of the national investment in the development of future man power; this indicates the changing trend of the nutritional profile of a region [3, 4] . The main nutritional problems facing school aged children are having a low (< − 2 SD) body mass index for their respective age (BAZ)) (acute malnutrition) and low ((< − 2 SD)) height-for-age (HAZ) (stunting) [5, 6] .
Stunting in school aged children is associated with poor nutrition in the early childhood years and the degree of stunting tends to increase throughout the school-aged years [7, 8] . However, children can exhibit improvement in their growth and development if their environment improves [9] . Therefore, interventions in school-aged children help to complement efforts in the preschool years to reduce levels of stunting and its related effects on children's health and education [8] .
However, globally malnutrition continues to be a primary cause of poor health and mortality among school aged children particularly in resource limited countries [4, 5] . More than 200 million school aged children are stunted and thin, and unless immediate action is taken, about one billion school aged children will be growing up by 2020 with compromised physical and mental development [9] . In Ethiopia studies conducted in Durbete Town and Addis Ababa city reported that 11.2 and 19.6% of school aged children are stunted [10, 11] .
Under-nutrition correlates with decreased ability to fight off infection and poor school performance in children. In addition, undernutrition impaired productivity and earnings during their later life, adulthood period [12] [13] [14] [15] .
Several studies had identified factors associated with stunting in school-aged children include: male sex, older age group, higher birth order, large family size, low meal frequency, fever, minimal poultry consumption, skipping breakfast, children whose mothers are working, household food insecurity, children who had an unemployed father, and children whose mother had limited education [10, 11, [16] [17] [18] [19] [20] [21] . Few studies elicited the correlates of acute undernutrition; having large number of children living the house, unemployed father and inadequate intake of food was associated with being acutely undernourished [16, 17, 21] . However, consumption of animal protein and having a literate household head protected children from acute undernutrition [16] .
In Ethiopia, 16 and 34% primary school repetitions and under five mortality respectively were associated with stunting [22, 23] . In spite of this fact, public health interventions do not pay much attention to school aged and adolescents [15] .
The majority of the former local studies [24] [25] [26] focused on investigating the problem among under five children. There is no previous study conducted regarding the magnitude of acute and chronic undernutrition among preadolescent groups in Lay Armchiho districts. Thus, to fill the knowledge gap, we intended to study stunting, thinness and associated factors among school aged children (5 to 14 years) in Lay Armachiho districts. The findings of this study will help to inform decision for policy and practice.
Methods

Study setting and design
A community based cross-sectional study was carried out from December, 2016 to January, 2017 in Lay Armachiho District situated in Amhara region, Ethiopia. Based on the 2007 national census conducted by the Central Statistical Agency of Ethiopia [27] , this district has a total population of 157,836 [28] . The district is divided in 26 kebeles (The smallest administration unit in Ethiopia). This region primarily relies on farming to sustain their livelihood.
Study population and sample size determination
All school-aged (5-14 years) children who lived in the district for at least 6 months were recruited into the study. A single population proportion formula (n = (Z a/2 ) 2 P (1-P)/ d 2 ) was used to calculate sample size taking into account of the following assumptions; 42.7% as prevalence (P) of stunting in Libo Kemkem District, Ethiopia [16] , 95% level of confidence (Z a/2 ) 2 , 5% margin of error (d 2 ) and a design effect of 2. Finally, a 15% non-response rate was also added to get the sample size of 869.
A multi-stage sampling was applied to select the samples. Five kebeles were selected out of 26 Kebeles by lottery method. The households with school-aged children in each selected kebele were obtained from the administration offices or from health extension workers of the kebeles. The sample size was distributed to each kebele in proportion to the number of children in each kebele. Systematic sampling technique was carried out after identifying an initial household by lottery method. In addition, if more than one study participant was found in the household, the lottery method was used to select a single study participant.
Data collection procedures
The structured questionnaire consisted of socio-demographic, health status, dietary practices, and households' characteristics, and was used to collect the data. The 24 h recall method was used to obtain food consumed in the previous 24 h preceding the survey.
Anthropometric data (height and weight) was taken from school-aged children by adhering to the specific standards [29, 30] . Weight was measured to the nearest 0.1 kg with an electronic scale (Seca, 881 U, Germany). Child height was measured to the nearest 0.1 cm using a wooden stadiometer placed on a flat surface. The child stood on the basal part of the device with feet together, without shoes and touched the back of the head, shoulders, buttocks and the heels to the vertical measuring board. Five supervisors and ten data collectors were involved in this study. Intensive training was given to data collectors and supervisors on how to conduct anthropometry measurement and interview techniques by the primary investigator. The questionnaire was pretested. After little modification, it was administered in Amharic, the local language.
Study variables
Nutritional status of children was assessed using anthropometric indicators, Height-for-Age (HAZ) and Body Mass Index for age (BAZ). Consequently, children having HAZ < − 2SD and BAZ < − 2 SD were considered as stunted and thin, respectively [31] . A single 24-h recall method was used to estimate feeding practice of children and the collected dietary information was transferred to dietary diversity score tool that consisted of seven food groups. Adequate dietary diversity was defined as proportion of children who received food made from four or more food groups in the previous 24-h [32] . Another variable, diarrhea was defined as school children who had three or more loose stools in 24 h in the past 2 weeks from the date of survey [33] .
Data processing and analysis
Data were coded, cleaned, and entered in to Epi-Info version 3.5.3 and then exported to Statistical Package for Social Sciences (SPSS) software version 20 for further analysis. HAZ and BAZ were calculated using AnthroPlus software version 1.0.4 by the WHO-2007 growth reference standard. Therefore, stunting and thinness were considered as the outcome variables. In the binary logistic regression model, mathematically expressed as; ln (P/1-P) = α + βx P/1-P = e a + bx = Odds d/e = e a + bx and Odds d/e = e a then OR = e a + bx / e a = e β = ln (OR) = β for calculating odds ratio and 95% CI = e (β + 1.96SEβ) [34] . Backward-stepwise multivariate analysis was used to elicit associated factors of stunting and thinness, separately. Effect size was expressed by odds ratio (OR) with 95% confidence interval. Probability value of type-1 error less than 0.05 was considered statistically significant.
Results
A total of 848 school aged children (5-14 years) were included in the study with the response rate of 97.6%. Twothird (61.4%) of head of the household were females. Majority household heads were illiterate (42%) and worked as farmers (54.1%) ( Table 1) . One-thirds of the study participants used protected source of water (67.1%) for household consumption, and latrine was available in 66.6% of the households. The overall prevalence of stunting and thinness was 35.5% [(95% CI: 32.3, 38.7)] and 9.9% [95% CI: 7.9, 11.9], respectively ( Table 2) .
Both bivariate and multivariate analyses were carriedout to identify the determinants of stunting and thinness. Primarily, analysis was done to examine the effect of explanatory variables on stunting. Accordingly, the result of bivariate analysis showed that age of the child, availability of latrine, hand washing practice, water treatment, sex and history of child diarrhea had P-value < 0.2 1 . Nevertheless, age of the child, availability of latrine and hand washing practice were significantly and independently associated with stunting. The likelihood of stunting was 1.58 times higher among children aged 10-14 years [AOR = 1.58, 95% CI: 1.17, 2.12] compared to their counterparts. The lack of a toilet facility [AOR = 1.60; 95%CI: 1.17, 2.20)] increased the odds of stunting by 1.60 times. Decreased odds of stunting were illustrated among school aged children who had had hand washing habit before eating (Table 3) .
On the other hand, the bivariate analysis result of thinness revealed that child age, dietary diversity, age and occupation of the head of households had a P-value of < 0.2. However, in the multivariate analysis, only dietary diversity was significantly associated with thinness. Children who consumed diversified diet were found with 34% reduced odds of thinness [AOR = 0.64; 95% CI 0.39: 0.97)] (Table 4) .
Discussion
This study explored stunting, thinness and associated factors among school aged children in Lay Armachiho district. The findings of this current study revealed high prevalence of stunting (35.5%) and thinness (9.9%) among school aged children. The magnitude of stunting in the current study is consistent with a study done in Egypt (34.2%) [18] and Kenya (30.2%) [35] . However, our finding was comparatively higher than a study conducted in Addis Ababa City, Ethiopia (19.6%) [11] , a study done in Durbete Town, Ethiopia (11.2%) [10] and the study finding reported from Burkina Faso (8.8%) [36] . The differences might be due to variations in place residence. The participants of the current study were majorly (66%) rural inhabitants compared to the latter three studies. Poor health care access, poor child feeding and caring practice are among a major problem in the rural part of Ethiopia [37] .
This implies that unfair access and poor child feeding cause to inequalities in child health outcomes between rural and urban settlements [38] .
In the current study, magnitude of thinness (9.9%) was consistent with findings in West Ethiopia (13.2%) [21] and southern Ethiopia (14%) [17] , Western region of Nepal (12%) [39] and Burkina. Faso (13.7%) [36] . However, the finding was higher than that of study in Egypt (0.9%) [18] . The discrepancy might be due to the difference in the livelihood of the population; agriculture and industry is the dominant economic sources in Egypt, traditional farming by using an ox is used in the Lay Armachiho district, where the current study took place. Given this information, children of the current study area may not have enough food which increases their risk of acute malnutrition.
In the multivariable analysis the odds of stunting were nearly 1.6 times higher among children aged 10-14 years compared with those aged 5-9 years. Similar local findings were documented in Ethiopia [10, 17] . This may be due to the fact that stunting is a chronic nutritional problem in which, once a child is stunted it difficult to reverse in the late childhood.
In addition, the odds of stunting were 1.6 times higher among school aged children with lack of availability of a latrine at home. Similar results were reported by other local studies [40, 41] . In the absence of a latrine at home open defecation increases contamination of the household's environment [42] . In support of this evidence study from India confirmed that open defecation increases the likelihood of child stunting [43] . This is presumably related to ingestion of fecal microbes (parasites and bacteria) because of contamination of their finger with fecal matter while playing. This in turn predisposes children with repeated attack of diarrheal diseases which is an immediate cause of malnutrition mainly through malabsorption of nutrients and increased energy and micronutrient requirements [44] . Such explanation suggested the paramount importance of maintaining optimal hygiene and sanitation to curve child stunting. The finding of this study also illustrated the protective effect of hand washing habit of children towards stunting. This report is also supported by the former study from India [45] . Finally, the findings of this study illustrated that dietary diversity, proxy indicator of micronutrient adequacy, of children was significantly associated with thinness. Children who consumed a diverse diet were found to have a lower odds of thinness compared to those who had poorly diversified diet. This report is supported by previous findings elsewhere [17] . Children with a poorly diversified diet and inadequate micro-nutrient content have increased risk of impaired growth and development. This study showed the burden of undernutrition among school children in Lay Armachiho district where evidences are lacking.
Conclusion
In the Lay Armachiho district, one-third and one in every ten of school aged children were stunted and thin, respectively indicating that the problems are a serious public health concerns. Children age 10-14 years, lack of availability of a latrine at home and hand washing practices before eating were associated with stunting, while only dietary diversity was associated with thinness. Ensuring optimal latrine coverage and hand washing practices are the key to tackle undernutrition. Finally, this study also recommends enhancement of child dietary diversification.
Limitations of the study
This study tried to address a serious public health issue. However, some limitations, such as measurement errors could be committed while caring out anthropometric measurements. In addition, the study did not test the effect of soil transmitted helminthes on risk of stunting. Due to the cross sectional nature of the study design it could not show the causal relationship between variables. Some of the events involved were happened in the past and hence recall bias can also be another limitation of this study. Furthermore, environmental and genetic factors were not considered in this study which may have an impact on our results. 
